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Abstract 

Pseudomonas aeruginosa is a potent nosocomial pathogen, causing several infections, mostly 

urinary tract infections (UTIs). The present study is thus aimed to detect the susceptibility pattern of 

Pseudomonas aeruginosa to antibiotics from urine specimens, and virulence factor production such 

as (biofilm, and pyocyanin) which are regulated by quorum sensing. The aims were extended to detect 

the Inhibition of Biofilm formation and pyocyanin production by using vitamin C, salicylic acid and 

Multi sera. A total of 245 samples were collected from the patients. The samples were subjected to 

inoculation, isolation and identification of Pseudomonas aeruginosa which were 8 (4%) from total 

isolates, by standard microbiological procedures. Confirmation of isolates was done by polymerase 

chain reaction targeting 16srRNA. Antimicrobial sensitivity testing was done using the modified 

Kirby-Bauer method of the disc diffusion test, with high resistance rates against ceftriaxone (100%) 

while high sensitivity was to meropenem (88%). Quorum sensing Genes (lasl, lasR) were also 

detected in Multi-drug resistance and pan resistance isolates. In general, all isolates were Biofilm 

formation and pyocyanin production. The highest Inhibition of Biofilm was by using vitamin C while 

the highest Inhibition of pyocyanin was by using salicylic acid. 

Keywords: Biofilm, Multidrug Resistance, Multisera, Pyocyanin, Pseudomonas Aeruginosa, Urinary 

Tract Infections. 

Introduction 

Pseudomonas aeruginosa (P. aeruginosa) is 

a Gram-negative aerobic rod-shaped bacterium 

that can be isolated from most environments, 

including soil, plants, and mammal tissue [1]. 

P. aeruginosa can be specified as one of the 

opportunistic bacteria related to healthcare 

infections, including ventilator-associated 

pneumonia (VAP), intensive care unit 

infections, central line-related bloodstream 

infections, surgical site infections, urinary tract 

infections (UTI), burns, wound infections, 

keratitis, and otitis media [2]. P. aeruginosa is 

an organism capable of adapting to changes in 

the environment, rapidly developing resistance 

to antibiotics, and producing a variety of 

virulence factors. This pathogen can affect 

immunocompromised patients, in part due to 

its ability to evade both innate and acquired 

immune defences through adhesion, 

colonization, and biofilm formation and to 

produce various virulence factors that cause 

significant tissue damage [3]. Biofilm is a 

complex matrix of extracellular polymeric 

substances (EPS) that includes glycopeptides, 

lipids and lipopolysaccharides which protect 

bacteria from extreme conditions. The matrix 

allows the inflow of nutrients, water and 

signalling molecules [4]. 

Biofilms contribute to the virulence of P. 

aeruginosa, ensuring the colonization of host 
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tissues, its immune escape and its resistance to 

harsh surroundings. The biofilm matrix acts as 

a natural barrier against the host immune 

system, preventing bacterial antigen 

recognition by host antibodies and the 

penetration of phagocytic cells, such as 

granulocytes and monocytes. Furthermore, the 

phagocytosis process is blocked by the very 

large size of biofilms that appear slightly 

sensible to enzymatic lysis [5]. P. aeruginosa 

generates a substantial diversity of 

extracellular pigments, where phenazines are 

the most important [6]. Pyocyanin is 

considered a virulence factor for P. aeruginosa 

strains. It can acquire iron from the 

extracellular environment [7]. It plays a 

significant role in iron metabolism by actively 

engaging in reduction mechanisms facilitating 

the liberation of iron from transferrin [8]. 

Pyocyanin, the water-soluble pigment, has 

been shown to exert toxic effects on multiple 

organs via the production of reactive oxygen 

species (ROS), Its toxicity arises from its 

ability to alter the electron transfer pathways, 

leading to the generation of excess 

intracellular oxygen reduction products and 

subsequent cell death. These findings highlight 

the complex molecular mechanisms 

underlying the deleterious effects of pyocyanin 

on cellular physiology and pathogenesis [9]. 

Quorum sensing (QS) is widely spread in 

bacteria and is considered as a "speaking" 

system, QS plays a major role in virulence 

factor production, and biofilm formation [10]. 

The QS system regulates various cellular 

processes, which mainly involve the regulation 

of bacterial luminescence, virulence factors, 

disinfectant tolerance, spore formation, toxin 

production, motility, biofilm formation, and 

drug resistance [11]. There are three main QS 

systems in P. aeruginosa, two of which use N-

acyl homoserine lactones (AHLs) as signal 

molecules, called the las system, the system, 

respectively [12] and the third QS system is 

termed the pqs system, and is interlinked with 

the other two systems. 

Regulation of biofilm formation, Inhibition 

of QS, and attenuation of virulence factors in 

P. aeruginosa have been reported for a wide 

variety of extracts, essential oils, and chemical 

constituents [13]. Pyocyanin or pyoverdine in 

P. aeruginosa may be inhibited by different 

compounds, such activity was proved for some 

quaternary ammonium salts, especially those 

with more than one hydrophilic group [14]. 

Antibiotics have been widely used to treat 

biofilm infections, but clinical treatment still 

faces many challenges due to drug resistance 

issues, biofilm matrices that hinder drug 

penetration, and drug-microbe interactions 

[15]. 

Materials and Methods 

Two hundred forty-five urine samples, 

clean catch med stream, were collected from 

UTIs including both sexes with different ages, 

from different teaching hospitals in Mosul city 

(Iraq). The study was carried out from March 

2023 till September 2023. 

P. aeruginosa inoculation, Isolation and 

identification: The samples were inoculated on 

the Blood agar plates (Oxoid, UK) and 

MacConkey agar (Oxoid, UK) incubated at 37 

°C overnight aerobically, (Growth which 

appears non-lactose ferment and oxidase 

positive), selected and subculture on 

Pseudomonas cetramide agar (Himedia, India) 

and incubated in the same condition. Isolates 

were identified based on their colony 

morphology, culture, Gram stain, and 

biochemical characteristics by using an 

analysis profile index [16]. 

Molecular diagnosis was done based on 

16SrRNA sequencing gene according to [17] 

and QS Genes (last, last) detection according 

to [18], Primers Table 1 were designed by the 

Primer3 program according to the National 

Center for Biotechnology Information (NCBI). 



Table 1. The Sequence of Primers and Their Size 

Genes The sequence of forward and reverse Primer (5΄- 3΄) Size (bp) 

16SrRNA F AGAGTTTGATCMTGGCTCAG 1465 

R AAGGAGGTGATCCARCCGCA 

las l F GGCGCGAAGAGTTCGATAAA 311 

R TCCAGAGTTGATGGCGAAAC 

las r F GATCCTGTTCGGCCTGTT 378 

R TGCAGTGCGTAGTCCTTG 

 

Genomic DNA was extracted directly from 

pure bacterial Growth using a genomic DNA 

isolation kit supplied by the Gene Aid 

company. Steps were followed as 

recommended by the manufacturer. The 

concentration and purity of genomic DNA 

were measured by Nanodrop then DNA was 

stored at -20 °C until further used. 

Polymerase chain reaction (PCR) was 

conducted in a 20 μL volume reaction using 

GoTaq G2 Green Master Mix (Promega, 

USA). The universal primers as illustrated in 

Table 1were used to amplify the full region of 

the 16S rRNA gene [17]. The concentration of 

primers (1μM each) and the total amount of 

template DNA 100ng were added as 

recommended by the manufacturer. The PCR 

program for the 16S rRNA gene was set as 

follows: initial denaturation at 95°C for 3 min 

followed by 30 cycles of amplification 

including a denaturation step at 95°C for 30 

sec, annealing at 55°C for 30 sec and 

extension at 72°C for 1min. A final extension 

step was set at 72°C. PCR products were 

separated on 2% agarose gel and stained with 

Midori Green Advance DNA stain. A 100bp 

DNA marker (New England Biolabs, UK) was 

used as a molecular weight marker. 

The antibiotic susceptibility pattern of P. 

aeruginosa clinical isolates was evaluated by 

the Kirby-Bauer disc diffusion method as 

recommended by the Clinical and Laboratory 

Standards Institute (CLSI) based on the zone 

of inhibition [19]. The cultures were streaked 

on Mueller Hinton agar plates and incubated at 

37 °C. The zone of inhibition was measured 

after cultures had been incubated overnight 

[20]. The test was performed using standard 

antibiotic discs ceftriaxone (10μg), gentamicin 

(10μg), ciprofloxacin (10μg), amikacin (10μg), 

ceftazidime (30μg), meropenem (10μg), 

piperacillin (100 μg), norfloxacin (30μg), 

levofloxacin (5μg) (Oxoid, UK). 

The total reaction mixture for PCR was 

20μl, with 2μl of purified DNA, 10μl of 

master mix, and 4μl of the primer mix and 

completing the total volume to 20μl by adding 

4μl nuclease-free water [17]. Oligonucleotide 

primers obtained from HELINI Biomolecules, 

for lasl, lasR [18], were used as illustrated in 

Table 1. PCR programming was done with an 

initial denaturation at 95 °C for 5 min, 

followed by denaturation, annealing, and 

extension at 94 °C for 30 sec, 58 °C for 30 sec 

and 72 °C for 30 sec for 35 cycles. The final 

extension is at 72 °C for 5 minutes. Gene 

detection was done on 2% agarose gel, stained 



with Midori Green Advance DNA stain. The 

band pattern was viewed by running 

electrophoresis at 50V under a trans 

illuminator for 40 minutes. 

Detection of biofilm formation and 

Pyocyanin production: Biofilm formation 

determinate according to Sultan et al; [20] and 

Pyocyanin production determinate according 

to Lahij et al [21]. 

Inhibition of Pyocyanin production and 

biofilm formation: Three materials Vitamin C, 

Salicylic acid and Human MULTI-SERA we 

used to Inhibition. Three concentrations were 

taken 50μg/ml, 100μg/ml and 150μg/ml for 

each one Vitamin C and Salicylic acid. 

MULTI-SERA take 50μL/ml, 100μL/ml and 

150μL/ml for Inhibition. Determining the 

inhibitory action for each material was 

calculated as a % inhibition using the 

following equation [22]. 

% =  
𝐴𝐶 − 𝐴𝑆

𝐴𝐶
∗ 100 

Where, Ac and as are the absorbance of the 

control and sample, respectively. 

Results 

The results showed that eight or 4% P. 

aeruginosa were identified from samples 

based on cultured and biochemical tests. These 

isolates were found to be negative for lactose 

fermentation and formed pale yellow colonies 

on MacConkey agar and produced β-hemolytic 

on blood agar. The pigments produced on the 

selective ceramide agar were more obvious 

(Figure 1).

 

 

Figure 1. Culture Results of P. Aeruginosa. (A) Culture Results and Percentage, (B) P. Aeruginosa Isolation 

Percentage 

To confirm P. aeruginosa isolates, 

16SrRNA gene detection was done by using 

PCR. 16SrRNA genes were purified and sent 

for sequencing at Psomagene sequencing 

company (USA). Retrieved sequences were 

searched for homology against published 

genes submitted in GenBank using the BLAST 

tool at NCBI. The 16SrRNA sequencing 

showed that all isolates (99) % P. aeruginosa, 

were recorded as New four strains in NCBI, 

Coded (AhmHiy) ACCESSION NO. 

(OR186518, OR186519, OR186520 and 

OR186521). All the isolates of P. aeruginosa 

were subjected to antimicrobial susceptibility 

testing and the highest resistance was found 

against Ceftriaxone (100 %), while the highest 

sensitivity was to Meropenem 88%. Among all 

the isolates, multi-drug-resistant (MDR) P. 

aeruginosa and one isolate were Pan drug-

resistant against all antibiotics as shown in 

Table 2. QS genes (lasl and lasR) were 

detected in Two Isolates, one MDR and 

another pan drug resistance, two isolates had 

lasl and lasR genes. The result of gel 

electrophoresis for amplification (Figure 2). 



 

Figure 2. Gel PCR Results. (A) Detection of P. Aeruginosa 16SrRNA Gene (1465bp). Lane 1 Shows the DNA 

Ladder (1500bp) and Lanes 2-9 Represent Positive Results. (B) Electropherogram of the Virulent Gene 

Determinants with Lane 1 Showing the DNA Ladder (1500bp), Lane 2,3 showing the Positive Amplicons of last 

(378bp) and Lane 4,5 LasI (311bp) 

Table 2. Antibacterial Susceptibility 

No. bacterial strain 

Anti-bacterial 

9 23 25 47 72 101 102 170 S% R% 

Amikacin MS MS S MS R R R MS 12 38 

Gentamicin MS S R R S R R MS 25 50 

Meropenem S S S S S S R S 88 12 

Levofloxacin R S S S S S R S 75 25 

Norfloxacin  R S S S S S R S 75 25 

Ciprofloxacin R S S S S S R S 75 25 

Ceftazidime R R R R R R R S 12 88 

Piperacillin MS S R R R S R S 38 50 

Ceftriaxone R R R R R R R R 0 100 

S: Sensitive, MS: Moderate Sensitive, R: Resistance 

 

In the current study, the biofilm formation 

was determined in Eight Isolates of P. 

aeruginosa by three methods, the results of the 

Tissue culture plate method (TCPM) were 

Strong at 75% and Moderate at 25%, the Tube 

method (TM) appeared that Strong at 63% and 

Moderate was 37%, and Congo red agar 

(CRA) did not detected biofilm in all isolates 

as shown in Table 3. Also, Pyocyanin pigment 

was estimated by measuring absorbance in 

Enzyme-linked immunosorbent assay (ELISA) 

reader equipment (Chromate microplate 

reader, Awareness Technology INC, USA) at 

690nm, the results showed that 8 (100%) of 

isolates could produce pyocyanin through 3 

days of incubation but in varying degrees. 

Inhibition of biofilm formation and Pyocyanin 

production was done by using three materials 

vitamin C, Salicylic acid and Multi sera. 

Vitamin C was given the highest (Figure 3A). 

Inhibition for biofilm formation by vitamin C 

Salicylic acid and Multi sera achieved rates (of 

76, 37, 28) % respectively while Salicylic acid 

was the highest Inhibition for Pyocyanin 

production then Multi sera and the least of 

them was vitamin C (77, 56, 38) % 

respectively (Figure 3B). 



 

Figure 3. Actions of P. Aerugenosa (A) Inhibition Biofilm Formation (B) Inhibition Pyocyanine Production 

Table 3. Grading of Biofilm Formation by Different Methods 

Biofilm formation TCPM TM CRA 

Strong 6 (75 %) 4 (50 %) 0 (0 %) 

Moderate 2 (25%) 3 (37 %) 0 (0 %) 

Non/weak 0(0 %) 1 (13%) 8 (100 %) 

Total 8 (100 %) 8 (100 %) 8 (100 %) 

TCPM=Tissue culture plate method, TM=Tube method, CRA=Congo red agar 

Discussion 

Eight strains of P. aeruginosa were 

obtained from 200 positive bacterial cultures 

of urine samples for the period from March 

2023 to September 2023, the percentage of P. 

aeruginosa was 4%, These results were 

identical to what was obtained by previous 

studies [23, 24]. 

The problem of antibiotic resistance is 

worldwide. P. aeruginosa isolates from the 

current study were multiple antibiotics 

resistant. P. aeruginosa is one of the most 

important bacterial pathogens seriously 

contributing to the problem of hospital 

infections, it's a serious issue that requires 

urgent attention [25]. The high resistance ratio 

of P.aeruginosa for antibiotics in the current 

study is due to the indiscriminate use of these 

antibiotics, in addition to the development of 

resistance due to the use of sub-therapeutic 

antibiotic doses which contributed to the 

emergence of mutant isolates and despite the 

prevalence of high resistance to antibacterial 

drugs, This was evident due to the very high 

resistance to ceftriaxone, as the resistance rate 

reached 100% [25]. Another study showed that 

100 % resistance to ceftriaxone. The same 

results in the same period for more than one 

study give a risk indicator of increased 

bacterial resistance to antibiotics [26]. In the 

United States, 10–30% of P. aeruginosa 



isolates were carbapenem-resistant [27]. This 

percentage is close to our results showed the 

rate of resistance to meropenem was 12%, 

This means a high rate of sensitivity to 

meropenem reaching 88%. By comparing with 

previous years, we would find that the rate of 

meropenem sensitivity was greater than it is 

today, this is due to the same reasons that led 

to the occurrence of high resistance to 

ceftriaxone, but at a lower rate, perhaps 

because the random use of meropenem is less 

common Among people than other antibiotics. 

The continuous increase in P.aeruginosa 

resistance to meropenem over time was 

recorded by Stultz et al [28], which indicated 

the use of meropenem over 10 years, where 

the study showed that the rate of meropenem 

sensitivity to it at the beginning of its use in 

2008 was more than 90%, reaching 98% by 

the year 2011, and they were recorded after 

that Its sensitivity decreased to about 88% in 

2017. The rest of the antibiotics that were used 

in the current study were distributed between 

the highest and least effective antibiotics, as 

shown in Table 2, all antibiotics were chosen 

based on use treatment (UTIs) and availability 

in local pharmacies. 

The results of QS genes (lasl and lasR) 

detection showed that MDR isolates were 

generally expressed all QS genes and these 

results conducted with Shravani et al. where 

we used strain No. 102, which was resistant to 

all antibiotics (PAN), and strain No. 25, which 

was MDR. This explained a clear picture of 

possessing these strains and the rest of the QS 

genes [29]. These genes, in addition to 

16SrRNA gen, were also used for accurate 

diagnosis of P. aeruginosa as they are specific 

genes for this bacterium. In the current study, 

we used TCPM, TM and CRA methods for 

phenotypic detection of biofilm formation as 

shown in Table 3, the highest rate of detection 

of biofilm production was by TCPM then TM 

and CRA did not detect, these results were 

parallel to the results obtained by previous 

studies [30, 31]. The current study did not 

agree with a study conducted by Sultan et al 

[20], where the highest detection rate of 

biofilm was using the TM. TCPM, that gold 

standard method, detected biofilm formation. 

The CRA method showed little correlation 

with the other methods reported that the CRA 

method is not appropriate for biofilm detection 

[32]. In our study, the CRA method does not 

detect biofilm producers (0 %) and that agreed 

with the record [30]. The biofilm detection 

rate using the CRA method was 1.3%. This is 

a very small percentage compared to the 

number of bacterial isolates, which amounted 

to 111. 

The differences in biofilm formation with 

other studies may be due to the variation in 

culture medium components used in biofilm 

formation test (e.g. Tryptic Soy Agar or Luria-

Bertani broth), the concentration of bacterial 

cells in culture, or the difference in incubation 

periods. Also, the cell density in biofilm 

increases with prolonged length of the 

incubation period [24]. The concentration of 

dye used as an indicator in the test could also 

play a role in the result differences since 5% 

(w/v) of dye gives better results compared 

with 1%. The results may also be affected by 

the type of microplate used in the assay. It was 

approved that a 96-microplate made of 

Polystyrene is more efficient in biofilm 

sticking than a microplate made of other 

materials such as glass, steel, or granite [25]. 

Eight isolates of P. aeruginosa were 

subjected to pyocyanin production screening, 

All the isolates were positive for their ability 

to produce pyocyanin with varying intensity 

for the eight isolates. Approximately 90-95% 

of all P. aeruginosa isolates produce 

pyocyanin as a deep blue referred to as "blue 

pus" from pyocyanin. Different substances 

were included in culture media and confirmed 

the production of high levels of pyocyanin 

such as glycerol and alanine (as a precursor), 

Sulphur, and iron [8]. On the other hand, the 



differences in the amount of pyocyanin 

pigment production for our isolates may be 

due to the presence of regulators of the 

quorum sensing system named QteE. The 

overexpression of this regulator will reduce 

the accumulation of homoserine lactone 

signals affecting the production of pyocyanin 

[6]. 

Inhibition of Pyocyanin production and 

biofilm formation was conducted using three 

materials vitamin C, salicylic acid, and Multi 

sera (paraoxonase containing). Firstly, 

Ascorbic acid is a reducing agent and rapidly 

undergoes two consecutive one-electron 

donation processes to form the ascorbate 

radical and dehydroascorbic acid [33]. The 

low concentrations of vitamin C inhibited the 

expression of several proteins involved 

directly in the synthesis and export of 

extracellular polysaccharides. Inhibiting EPS 

production is a viable strategy for fighting 

bacterial pathogens. Vitamin C, at low 

concentrations, can be used to disrupt bacterial 

biofilm formation by inhibiting EPS 

production [34]. Pyocyanin structure changed 

in the presence of ascorbic acid. The changes 

indicated that ascorbic acid perturbed the 

pyocyanin aromatic ring, not through the 

intrinsic acidity of ascorbic acid (as citric acid 

and dehydroascorbic acid had no effect), but 

most likely via the intrinsic antioxidant 

property of ascorbic acid [35]. 

In P. aeruginosa, population-dependent QS 

is activated through the secretion of AHLs and 

binding of AHLs to regulatory receptors, 

initially, LasR and RhlA to promote further 

biosynthesis of LasR, RhlA and PqsR 

receptors, which activate the complete QS 

system activating virulence factor production 

and biofilm formation [36]. The structure of 

ascorbic acid (five-membered lactone ring) is 

analogous to AHLs which leads to competition 

in binding to the AHL receptor(s) and 

inhibition of the QS system [37], which leads 

to Inhibition of Pyocyanin production and 

biofilm formation This was proven in the 

current study and the results were consistent 

with other studies such as [34, 38]. Secondly, 

Salicylic acid (SA) is the major phenolic acid 

plant product. The obtained result reported that 

the addition of SA reduced the biofilm 

formation in P. aeruginosa compared to the 

untreated control. 

Several studies have found that SA can 

reduce biofilm formation in P. aeruginosa 

[39]. Another study reported that SA 

suppressed the expression of genes associated 

with the las/rhl quorum sensing autoinducer 1 

(AI1) homoserine lactone-based signalling 

system in P. aeruginosa, Pyocyanin one of the 

many controlled molecules by the QS [40], we 

tested the effect of SA on pyocyanin 

production and the results showed reduction 

Pyocyanin production compared to the 

untreated control. Prithiviraj et al. indicated 

that Salicylic acid down-regulates rhlR and 

lasA in P. aeruginosa [41] and causes 

subsequent inhibition of pyocyanin, protease, 

and elastase activities [40, 42]. Finally, Multi 

Sera was used, which is a standard blood 

serum containing all the substances found in 

human serum at a high concentration (level 3) 

from the American company Randox. In the 

current study, the active substance in the Multi 

Sera is a paraoxonase. 

Human paraoxonase (PON) was originally 

described based on its ability to degrade 

organophosphates (OPs), PON enzymes also 

exhibit lactonase activities, are capable of 

hydrolyzing and inactivating AHLs, and were 

used for the disruption of biofilm formation in 

bacterial pathogens [43, 44]. In the current 

study, we did not use concentration, but we 

used volume, due to the difficulty of knowing 

the concentration of paraoxonase for the Multi 

Sera, so we used three volumes (50 μ L, 100 μ 

L, and 150 μ L), there was no inhibition of the 

biofilm at 50 μ L and 100 μ L and this is due 

to the low concentration of paraoxonase, but at 

150 μ L there was inhibition of biofilm 



formation at 28%, while in pyocyanin 

production the three-volume (50, 100, and 

150) μ L resulted in inhibition in Aybey et al. 

study, respectively [43]. This indicated that 

pyocyanin is more sensitive to the 

paraoxonase enzyme than biofilm. Our results 

agreed with many studies, which indicated that 

the paraoxonase enzyme had an anti-virulence 

agent by reducing biofilm formation and 

pyocyanin production. 

It is important to consider the limitations of 

such a study. Firstly, the effectiveness of 

vitamin C, salicylic acid, and multi-sera in 

inhibiting biofilm formation and pyocyanin 

production may vary depending on the specific 

strain of Pseudomonas aeruginosa being 

studied. Different strains may exhibit varying 

levels of resistance to these agents, which 

could impact the overall efficacy of the 

treatment. Additionally, the study should 

address the potential side effects or adverse 

reactions associated with the use of these 

compounds. While vitamin C and salicylic 

acid are generally considered safe, the 

concentration and duration of exposure must 

be carefully regulated to minimize any 

potential harm to the host. Furthermore, the 

study should also explore the potential 

mechanisms by which these compounds 

interfere with biofilm formation and 

pyocyanin production. Understanding these 

underlying mechanisms is crucial for further 

development and optimization of this 

treatment approach. Finally, it is important to 

consider the practical implications of 

implementing such a treatment strategy. 

Factors such as cost, availability, and ease of 

administration should be evaluated to 

determine the feasibility of using vitamin C, 

salicylic acid, and multi-sera as potential 

therapeutic agents. 

Conclusion 

The P. aeruginosa isolates were resistant to 

most of the tested antibiotics because they 

produced biofilm and pyocyanin, indicating a 

correlation between multidrug resistance and 

the production of biofilm and pyocyanin. All 

of the isolates were strong biofilm producers 

except one was moderate. The isolate that 

gave strong biofilm formation produced a high 

level of pyocyanin, there is a possibility of 

inhibiting it using certain materials and 

concentrations, in the current study we used 

materials such as antioxidants (vitamin C, 

salicylic acid) and enzymes (paraoxonase). 

These materials affected QS, which Naturally 

controlled for biofilm formation and 

pyocyanin production This effect may be 

either by preventing the signal from being 

received or by destroying the signal itself. 
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